UNIT 6: MENSURATION

AREAS RELATED

TO CIRCLES

Syllabus

> Motivate the area of a circle; area of the sectors and the segments of a circle. Problems based
on areas and perimeter/circumference of the plane figures of circles. (In calculating area of
segment of a circle, problems should be restricted to central angle of 60°, 90° and 120° only.
Plane figures involving triangles, simple quadrilaterals and circle.)
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Revision Notes

» A circle is a collection of all points in a plane which are at a constant distance from a fixed

point in the same plane.
A

» Aline segment joining the centre of the circle to a point on the circumference of the circle is called its radius.
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Aline segment joining any two points of a circle is called a chord. A chord passing through the centre of circle is
called its diameter. A diameter is the largest chord of the circle. Here AB is a a diameter, which is a longest chord.
A diameter of a circle divides a circle into two equal arcs, each known as a semi-circle.

. A 0 B
Semi-circle -
A B &« Diameter

(@)

A part of a circumference of circle is called an arc.

An arc of a circle whose length is less than that of a semi-circle of the same circle is
called a minor arc.

An arc of a circle whose length is greater than that of a semi-circle of the same circle is called a major arc.
The region bounded by an arc of a circle and two radii at its end points is called a sector.

Major Sector

Minor Sector

A chord divides the interior of a circle into two parts, each called a segment.

Major Segment

°0

Circles having the same centre but different radii are called concentric circles.

B
Two circles (or arcs) are said to be congruent if on placing one over the other cover each other completely.
The distance around the circle or the length of a circle is called its circumference or perimeter.
The mid-point of the hypotenuse of a right triangle is equidistant from the vertices of the triangle.

Angle subtended at the circumference by a diameter is always a right angle.

C
U
Angle described by minute hand in 60 minutes is 360°.

Angle described by hour hand in 12 hours is 360°.




& Know the Formulae

10.

11.

12.

13.

14.

15.

>
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Circumference (perimeter) of a circle = nd or 2nr, where d is diameter and r is the radius of the circle.
Area of a circle = nr2.

Area of a semi-circle = % nr.

Perimeter of a semi-circle = ir + 2r = (1 + 2)r
Area of a ring or an annulus = (R + 7)(R —r). where R is the outer radius and r is the inner radius.

Length of arc, [ = 2176 or 9 , where 0 is the angle subtended at centre by the arc.
360° 180°
)

Area of a sector = 260°

1
or area of sector = E(l xr), where [ is the length of arc.

2
Area of minor segment = o _1agne,
360° 2
Area of major segment = Area of the circle — Area of minor segment

= mr?2 — Area of minor segment.
If a chord subtends a right angle at the centre, then

(n 1
area of the corresponding segment = 1 E] r?
If a chord subtends an angle of 60° at the centre, then
area of the corresponding segment = g—%) 2.
If a chord subtends an angle of 120° at the centre, then
area of the corresponding segment = 2‘73] .

Distance moved by a wheel in 1 revolution = Circumference of the wheel.
Distance moved in 1 minute

Number of revolutions in one minute = -
Circumference

w6 +2r.

Perimeter of a sector =

180°

Know the Facts

An Indian mathematician Srinivas Ramanujan worked out the identity using the value of 7 correct to million
places of decimals.

62832

The Indian mathematician Aryabhatta gave the value of « as 20000

“How I made a greater discovery” this mnemonic help us in getting the value of = = 3.14159 ............ .
Give it under separate reading with explanation how to use

‘CAN‘ ‘ I ‘ ‘HAVE‘ ‘ A ‘ ‘SMALL‘ ‘CONTAINER‘ ‘OF‘ ‘COFFEE‘

No. of N { J J d N N N
Letters — 3 1 4 1 5 9 2 6

Archimedes calculated the area of a circle by approximating it to a square.

Area of sector of a circle depends on two parameters-radius and central angle.



How is it done on the GREENBOARD?

Q.l. Find the area of the shaded re- ©L radius of circle - 7 cm
gion in the given figure. Step II: Area of rectangle

2
[Delhi - 2013] =28 x 14 cm

- 392 cm?
22
Area of each circle - — x (7)
14 cm 7
= 154 cm?
Area of both circles = 2 x 154 cm?
-— >

28cm - 308 cm?
Solution: Step IlI: Shaded area - Area of rec-
Step I: Length of rectangle - 28 cm  tangle — Area of both circles
Breadth of rectangle - 14 cm = 392 - 308
Diameter of circle - 14 cm - 84 cm?

&’ Very Short Answer Type Questions 1 mark each
Q. 1. In a circle of diameter 42 cm, if an arc subtends 60° 22
2 = ——Xx2Xx—x21
an angle of 60° at the centre, where 1 = —, then 360 7
7 =22cm Ya

what will be the length of arc.
[UI[CBSE SQE, 2020-21] COMMONLY MADE ERROR

— 1
=l etz ait e 360° (7) % 2 Some students used incorrect formula for
60° 0 length of arc and some made mistakes in
= 360°(2X7X21) calculation. J

=22 cm Vs
[CBSE Marking Scheme, 2020-21]

Detailed Solution:

Given, diameter of the circle = 42 cm 2 Remember the formula of length of arc
Then, radius of the circle = 42 em = 21 cm. and the concept of angle subtended at
2 the centre. J

and angle subtended at the Ce_ntre;, Q. 2. In the given figure, find the perimeter of the

8 =60 sector of a circle with radius 10.5 cm and of angle

60°. (Take T = g)
7
A B
. 72
A B
N7

. _ 0 '
. Thelength of arc, | = x 2mr
360° [CBSE OD Set-I, 2020]



Sol. We have,  radius (r) = 10.5 cm Q. 3. Find the area of the sector of a circle of radius
and angle (6) = 60° 6 cm whose central angle is 30°. (Take © = 3.14)
P

[CBSE OD Set-III, 2020]

Sol.
Then, the length of arc APB AB
_ 6 5 Given, radius of a circle,
_3600X w OA = OB =6cm
. (Assuming in figure) %2
_ 60 X 2% 2 %10.5 and central angle 8 = ZAOB = 30°
360° 7 By using formula,
— 11 em 1 area of the sector of a circle
Now, the perimeter of the sector OAPBO = 3600 xr’
= OA + length of an arc APB + BO o
-3 x3.14x6x6
= (10.5 + 11 + 10.5) cm = 300 >
= 32 cm. 1/7. =942 CmZ 1/2
// -
. Short Answer Type Questions-I 2 marks each
Q. 1. A piece of wire 22 cm long is bent into the form of Sol. Given, radius of circle (r) = 5.2 cm
an arc of a circle subtending an angle of 60° at its ie., OA =0B=r=52cm

and the perimeter of a sector = 16.4 cm

. . . 22
centre. Find the radius of the circle. [Use T = 7] As we know that perimeter of the sector

2mre
[CBSE Delhi Set-I, 2020] =2r+ 360°
Sol. AB is an arc of a circle.
Let radius of a circle be r cm. - 164 = 2 X 52 + %
O
O
A B
22cm A B
ie., AB =22 cm 2T X5.2%0
and 0 = 60° = 360° =
2mre o
Length of arc = 3607 1 - 0= 6 x 360 1
2w x5.2
- m = 2x22xrx60°
T 7x360° Now, area of sector = T X mr?
22Xr o
= 2= 21 = ﬂ X T X (52)2
21 x 5.2 % 360°
z 22 % : i ;% x 21 = 15.6 sq. units. 1
Hence, The radius of the circle () is 21 cm. 1 Q. 3. The minute hand of a clock is 12 cm long. Find
Q. 2. The perimeter of a sector of a circle of radius 5.2 cm the area of the face of the clock described by the
is 16.4 cm. Find the area of the sector. minute hand in 35 minutes.

[CBSE Delhi Set-II, 2020] [CBSE Delhi Set-II1, 2020]



Sol. - Angle subtended in 1 minute = 3662)(3’ =6 %
.. Angle subtended in 35 minutes = 6° X 35
= 210° Va

Area of the face of the clock described by the minute
hand in 35 minutes
= Area of the sector (210°)
2
o
= 1
360° A

_ 2 12x12x210°
7 360°
665280
2520
= 264 cm?2. A

Q. 4. Find the perimeter of the shaded region if ABCD
is a square of side 21 cm and APB and CPD are

semicircles. (Use = 27_2)

[CBSE SQP 2016]

D C
P
21cm
A B

Sol. Perimeter of the shaded region
= AD + BC + lengths of the arcs of semi circles
APBand CPD 1

=21 +21 + z(gx2 Y2
7 2

=42 + 66
= 108 cm. b
[CBSE Marking Scheme, 2016]
Detailed Solution:
Given, ABCD is a square, then
AB =BC =CD = DA
.. Side of the square= 21 cm
Since APB and DPC are are two semicircles.

radius () = % cm

and length of arc APB = length of arc DPC
.. Length of arc (APB + DPC)

= (21‘67‘)

= 2><g><E
7 2

=22X3

= 66 cm 1

.. Total perimeter ofl the shaded region
= AD + BC + lengths of the arcs (APB + DPC)
= (21 + 21 + 66) cm
= 108 cm. 1
Q. 5. Find the area of the square that can be inscribed
in a circle of radius 8 cm.
[CBSE Board Term-2, 2015]

Sol. Diameter of the circle = diagonal of square

=2X8=16cm
Let x be the side of square.
x~2 =16or,x=8\/5 1

Area of square = x* = (Sx/f )2

= 128 cm? 1
[CBSE Marking Scheme, 2015]
Detailed Solution:
Radius of the circle = 8 cm.
Diameter of circle = 16 cm.
Diagonal of square = 16 cm
Let the side of square = x cm.
¥+ x% = (16)°
(Pythagoras theorem)

A D
@)
* 1
<
K
B ™ C
or, 2x¢* =16 x 16
or 2= l6x16 _ 128
2
Area of square = x* = 128 cm?. 1

Q. 6. A child prepares a poster on “save water” on a
square sheet whose each side measures 50 cm. At
each corner of the sheet, she draws a quadrant of
radius 15 cm in which she shows the ways to save
water. At the centre, she draws a circle of diameter
21 cm and writes a slogan save water in it. Find the
area of the remaining sheet.

[CBSE Board Term-2, 2015]

Sol. Side of square = 50 cm

Area of square = 50 X 50 = 2500 cm®* %

Radius of quadrant = 15 cm.



Area of 4 quadrants = 4 X % nr? = nr?

=nX15x 15

=gx225
7

= 707.14 cm? b3
Area of circle = r?

) (21)2
= _X PR—
7 "\ 2

22 21 21
7 2 2

= 346.5 cm”
Area of remaining sheet = Area of square
— 4(area of quadrant)
— Area of circle %2
= 2500 - 707.14 — 346.5
= 1446.36 sq. cm 1
[CBSE Marking Scheme, 2015]

y
- Short Answer Type Questions-Ii 3 marks each

Q. 1. In the figure, ABCD is a square of side 14 cm.
Semi-circles are drawn with each side of square as

diameter. Find the area of the shaded region.
A B

D C
[CBSE SQP 2020-21]
[CBSE Delhi Set-I, II, 111, 2016]

Sol. Area of 1 segment = area of sector — area of triangle

Ya
90° i 1
= | 360° = E X7 X7
1 22 1
= —X— X7P-Z= X7X7 %
4 7 2
= 14 cm? ¥
Area of 8 segments =8 X 14 = 112cm? %
Area of the shaded region = 14 X 14 — 112 )

=196-112 = 84 cm® %
(each petal is divided into 2 segments)
[CBSE Marking Scheme, 2020-21]

Detailed Solutign:

B
X
(e)
W Y (14 cm
Z
D 14 cm C

Side of a square = 14 cm
Area of the square ABCD = 14 x 14
=196 cm?

Area of semicircle AOB = —nr

Il

|
X

|
X
N
X
N

Similarly, area of semicircle DOC = 77 cm?
Hence, the area of shaded region (Part W and Part Y)
= Area of square
— Area of two semicircles AOB and COD

= 196 — 154 = 42 cm? 1
Therefore, area of four shaded parts (i.e., X, Y, W, Z)
=2 X 42 = 84 cm? 1

Q.2.The area of a circular playground is 22176 cm?
Find the cost of fencing this ground at the rate of
50 per metre. [CBSE OD Set-I, 2020]

Sol. Area of a circular play ground = 22176 cm?

ie., nr? = 22176 cm? 1
[where r is the radius of a play ground]
= P = 2176 x L = 7056
22
= r=84cm = 0.84m 1

Cost of fencing this ground =¥ 50 X 2nr

22
=350 X2 X - X 0.84

=3 264. 1
Q. 3. Sides of a right triangular field are 25 m, 24 m and
7 m. At the three corners of the field, a cow, a
buffalo and a horse are tied separately with ropes
of 3.5 m each to graze in the field. Find the area of

the field that cannot be grazed by these animals.
[CBSE SQP, 2020]

Sol. Required Area = Area of triangle
— Area of 3 sectors

Area of Triangle % X24x7=84m*> 1

1'57’2

360°
X (Sum of three angles of triangle)
_ 22x7x7x180°
7 X2 x2x360°

- % or 19.25 m> 1

Area of three sectors =

Required Area = (84 —19.25) m*
= 64.75 m? 1
[CBSE SQP Marking Scheme, 2020]



Detailed Solution: Since ACBH is a right angled triangle,
Given that, a triangular field with the three corners
of the field a cow, a buffalo and a horse are tied
separately with ropes.

then area of ACBH = %x CBxBH

So, each animal grazed the field in each corner of = lx 24 X7
triangular field as a sectorial form.
Given that radius of each sector =84 m? A
C (Cow) So, area of the field which cannot be grazed
T » by three animals = Area of ACBH
u'ag % — Area of three sectors
i \ = (84-19.25) m?
= 64.75 m?. 1

Q. 4. Find the area of the segment shown in Figure, if
radius of the circle is 21 cm and ZAOB = 120°.

(Use n= g)
7

24 m
17m

P

<-35m——>

[CBSE Delhi Set-II, 2019]

7.m v, Sol. Draw MO 1 AB
2
(r) =35m
Area of sector £C = <C r?
360°
_ < 7(3.5)* m?
360°
Area of sector Z/B = <B nr?
360°
= ;go n(3.5)" m* Ve
/H sin30°=l=%:>OM=2_1
Area of sector ZH = r? 2 21 2
360° ;
o _ N3 _ AM _ 21
_ ZH 235 m? cos 30° = S = =>AM = 23
360°
Sum of the areas of three sectors b Area of AOAB = 1y AB X OM = 1 x 21/3 x 21
£ 2 2
= 360C° (35 +—— 607 B sy
ZH = ﬁ\/g cm? 1
—~7(3. 5)
360 .. Area of shaded region
_ (4(: +4£B+ZH ) = Area (sector OAYB) — Area (AOAB)
360°
” =2—72x21x21x@_ﬂf1
><7 x3.5%3.5 S
3
[+ £C + 4B + ZH = 180°] = [462—441T cm?
_ 180 % 38.5 2
360° = 271.3 cm” (approx.) Y

=19.25 m? P2 [CBSE Marking Scheme, 2019]



Detailed Solution:
Given that, radius of a circle (r) = 21 cm

and in AAOB, OA = OB
‘ Z0OAB = ZOBA
(Isosceles property)
So, 2/0AB = 180°-120°
(Angle sum property)
= Z0AB = 60" _ 30°

Z0AB = ZOBA = 30°

In AOMB, sin 30° = %
OB
1 MB
= - ="
2 21
= OM = 21 Y2
2
and cos 30° = M
OB
3 MB
= 2 =
2 OB
N v = 23 "
2
AB =2 X MB
2143
= 2Xx—
2
= 21\/5 cm

Area of AOAB = %XAB x OM

1 21
= —xZI\/?:x—
2 2

41¥3
Ty "

Area of sector OACB 0 x 02
360°

= 120 ><§><21><21
360° 7

= 462 cm? 1
Hence, area of shaded region
= area of sector OACB
—area of AOAB

_ (462_44121.73) om?

=271.3 cm> A

Q. 5. In Figure, a square OABC s inscribed in a quadrant
OPBQ. If OA = 15 cm, find the area of the shaded
region. (Use m = 3.14)

B
Q p
C A
&
9
&
@)
[CBSE OD Set-I, 2019]
Sol. Since OABC is a square.
B
]‘5\0&2
C A
&
¢
o
(@]
Then, ZOAB = 90°

. In AOAB,
Radius of quadrant = OB = m
(By Pythagoras theorem)
= OB = 152 cm 1

Now, area of quadrant OQBP

-9 X 7’
360°

= 314 (OB)>
360°

% X 3.14 x (15v/2)?

= 353.25 cm? b2
Area of square = (OA)? = (15)
= 225 cm? Y

Hence,
area of shaded region = area of quadrant
— area of square
= (353.25 - 225) cm?
= 128.25 cm? 1

COMMONLY MADE ERROR

Many candidates use incorrect formula for
finding the area of shaded region.

Remember all the formulae related to
square and quadrant of the circle.




Q. 6. In figure, ABCD is a square with side 2 V2 cmand We know that, the length of the diagonal of a square

inscribed in a circle. Find the area of the shaded is given by, d = a2
region. (Use nt = 3.14) = d=22x2=4cm %
D Since, the square is inscribed in a circle, hence the
diagonal of square will be the diameter of the circle,
ie., radius, r = E = é =2cm 1
2 2
A C Area of the circle = nr?
= 3.14 x (2)
= 12.56 cm? Y
Therefore, area of shaded region
B = Area of circle — Area of the square
[CBSE OD Set-I, 2019] = (12.56 — 8) = 4.56 cm? 1
Sol. BD = Jv2) + (Va2 = V16 =4cm1 COMMONLY MADE ERROR
.. Radius of circle = 2 cm 1
. Shaded area = Area of circle — Area of square 1/2 3 Some candidates either use incorrect
=314 x 22 - 2{2) formula or made errors is calculation.
= 12.56 — 8 = 4.56 cm? 1

[CBSE Marking Scheme, 2019]
Detailed Solution:

Given, side of square,a = 242 em.
. area of square = a? = (242 )? = 8 cm? 2 Understand all the formula related to area

of circle.
b2

Q. 7. A wiper blade has length 21 cm, sweeps 120°. Calculate the area swept by two blades.
[CBSE Delhi Region, 2019]

Topper’s Answer, 2019

Sol. ,%}wim.u. WLMW [v) = Riesa.
amol. :s,wp,;u ang Oe [2.0°

_: _MMW._ I / il S
| _T_.._.:f;&m__a%m,ﬂaﬁmﬁ% o’
i 3

Q. 8. Find the area of the shaded region in given figure, where arcs drawn with centres A, B, C and D intersect in
pairs at mid-points E, Q, R and S of the sides AB, BC, CD and DA respectively of a square ABCD of side 12 cm.
[Use n = 3.14] [CBSE Delhi/OD, 2018]




Sol. Radius of each arc drawn = 6 cm a

Area of one quadrant = (3.14) X %

Area of four quadrants = 3.14 X 36 1
= 113.04 cm? 1
Area of square ABCD = 12 X 12 = 144 cm?
Hence, Area of shaded region = 144 — 113.04
= 30.96 cm? %
[CBSE Marking Scheme, 2018]

Detailed Solution:

Topper’s Answer, 2018

)| Griven: side of Syeane ADED= (20n,. , PPN VRNV < S O
To Andt: shoded cnen. ; '
Shadted anea 4 Anea ot 4 yusdnands = Anea of SQuade.. .y
_Anes of Muake = 3% mg-unils _(_D_

| =

_ f_f/?',‘/hﬂ em?- . i

‘ Anea of guadrant < -y T* 5q.unds —

i 3
}4 = :—-—!‘;yu&w&h\( R
| i
| Qv : ALl W26 mt
| =D Shaded oret: Area of Syumre - #x(Anen of Guadnard)  S§-cnits

= (g~ "(2295 0-Cm .
:;W

i = 2086 g

‘_ [The anes_of the shades negion it 3026 cou?.| 3
Q. 9. The short and long hands of a clock are 4 cm and Distance travelled by long hand in one round
6 cm long respectively. Find the sum of distances =2XmX6=12ncm ¥a
travelled by their tips in 48 hours. Distance travelled by long hand in 48 rounds
+ [CBSE Compt Set-I, II, III, 2018] = 48 X 121 = 5767 cm 1
[Foreign Set-I, 11, 111, 2015] Sum of the distances = 32n + 576n = 608 cm %
Sol. Distance travelled by short hand in 48 hours Q. 10. The side of a square is 10 cm. Find the area between
A % 9m X dem = 30 1 inscribed and circumscribed circles of the square.
- oAM= oAt Cm. [CBSE Comptt. Set-I, II, III, 2018]
Distance travelled by long hand in 48 hours
Sol. Radius of inner circle = 5 cm )
=48 X 21 X 6 cm = 576w cm 1 Rad ’ i 542 1
. tercirdle =
Total distance travelled = (321 + 576m) cm acius ot outer circie o

Required area = Area of outer circle

= 608t cm 1 . .
— Area of inner circle 1

[CBSE Marking Scheme, 2018]
A B

Detailed Solution:
Short hand makes 4 rounds in 48 hours
Long hand makes 48 rounds in 48 hours Va
Radius of the circle formed by short hand = 4 cm
and radius of the circle formed by long hand = 6 cm
Distance travelled by short hand in one round
= circumference of the circle
=2x4xXm=8rem = n[(5v2)* - 5] = 257 cm? %
Distance travelled by short hand in 4 rounds
=2xX4X4n=32ncm Y2

D C

[CBSE Marking Scheme, 2018]



Detailed Solution:
Here, diameter of inner circle = side of the square
=10 cm

10

Radius of inner circle = =5acm 1

Diameter of outer circle = Diagonal of square
= 10\/5 cm

10v2

2
Then, the required Area = Area of outer circle
— Area of inner circle
= n[(5v2)" - (5)']
= 257 cm? 1
Q.11. A wire, when bent in the form of an equilateral
triangle, encloses an area of 1213 cm? If the

=52 cm 1

Radius of outer circle

wire is bent in the form of a circle, find the area

enclosed by the circle, (Use T= %)

[CBSE OD Set-1, II, III, 2017]

Sol. Let a be the side of triangle.

.. Area enclosed by the triangle = %uz
= B 1213
4
. 2 12143 x 4
V3
a =22cm %3
Perimeter of triangle = circumference of circle
formed.
2nr =22 X 3 1
= 2% % xr =22X3
- _ 22x3x7 _21 "

= cm
22x 2 2
Area enclosed by the circle = nr?
22 21 21 693
= —X—x— = =
7 2 2 2
= 346.5 cm?* (Approx) 1
[CBSE Marking Scheme, 2017]
Q.12.In adjoining fig, ABCD is a trapezium with
AB || DC and ZBCD = 30°. Fig. BGEC is a sector of
a circle with centre C and AB = BC = 7 cm, DE =
4 cm and BF = 3.5 cm, then find the the area of the

shaded region. (Use = %)

7cm B

A

4cm  EF C
[CBSE OD Comptt. Set-I, II, III, 2017]

Sol.

Q. 13.

Sol.

Given, AB = 7 cm, DE = 4 cm, and BF = 3.5 cm
DC=DE+EC=4+7=1lcm
Area of trapezium ABCD

1
=5 (Sum of || lines) X (distance between them)

Area of the sector BGEC

300 22
= XZEXTXT = 1l><22x7 =12.83cm? 1

360° 7
(Approx.)

Area of shaded region
= Area of trapezium — Area of sector
=31.5-12.83
= 18.67 cm? (Approx.) 1

[CBSE Marking Scheme, 2017]
In the given figure ABCD is a trapezium with
AB || DC, AB = 18 cm and DC = 32 cm and the
distance between AB and DC is 14 cm. If arcs of
equal radii 7 cm taking A, B, C and D have been
drawn, then find the area of the shaded region.

32 cm
D C

A 18 cm B
[Foreign Set-I, I, 111, 2017]

Given, in trapezium ABCD, AB = 18 cm, CD
= 32 cm, AB || CD and distance between || lines
= 14 cm and the radius of each sector = 7 cm.

1
Area of trapezium ABCD = 5(18 +32)x14

= 1><50><14
2

= 350 cm? 1
Let, ZA =6,, ZB =0, £C = 0;and £D =0,

ar of sector A = 8 i’
360°

i><§><7><7
360° 7

-8

360°

%154 cm?

9, x 154 cm?
360°

ar of sector B =

ar of sector C = 8 x 154 cm?

360°
94
360°
6,+6,+6,+0,
360°

ar of sector D = x 154

ar of 4 sectors = x 154



_ 360°
T 360°
= 154 cm’ 1
». Area of shaded region = 350 — 154 = 196 cm? 1
[CBSE Marking Scheme, 2017]
Q. 14. ABDC is a quadrant of a circle of radius 28 cm and
a semi-circle BEC is drawn with BC as diameter.

x 154

Find the area of the shaded region. (Use = %)

[CBSE SQP, 2017]

Sol. As ABC is a quadrant of the circle, ZBAC will be
measured 90°.
In AABC, BC? = AC? + AB?
= (28)* + (28)°

= 2(28)%

BC = 28v2 cm
Radius of semi-circle drawn on BC = #
=142 cm ¥

Area of semi-circle = % X 27—2 x (1442 )?

= 616 cm? 1

Area of AABC = % X 28 X 28

= 392 cm? Y2
1 22
Area of of quadrant = 7 X = X 28 X 28
= 616 cm? 1
Area of the shaded region

= Areaofsemi-circle + Areaof A
— Area of quadrant

=616 + 392 - 616

= 392 cm?. b2

[CBSE Marking Scheme, 2017]

Q. 15. Three semicircles each of diameter are 3 cm, a circle of diameter 4.5 cm and a semicircle of radius 4.5 cm are
drawn in the given figure. Find the area of the shaded region.

%3cm—>‘W&3cm—>

[CBSE OD Set II, 2017]

Topper Answer, 2017

Sol. Areaof Shaded _region = Prea of semicivcle withrd= 4 Scm

&

~+ Areaof semicivele with d= Som

— 2Xareaol semitirele wilnd= 3 e

= ix TIx (L.$£)% + @ x Trx @31)— o;»é Xﬂ%}—:@{ 1;93

e TG BY e
Gz 7

i __T_‘”_..EQ.CMY = X
4 z 2

— '?._0-?5'}

"=2X s TIX 90.25 = Iﬁ_g_ = TT¥x 20.2%
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Q. 16. In the given figure, two concentric circles with centre O have radii 21 cm and 42 cm. If ZAOB = 60°, find the

area of the shaded region. (Use n= %)

[CBSE OD Set III, 2017]
[CBSE OD, Set-I, I, III, 2016]

Topper Answer, 2017

Lhom- £C0D= 60° R= 42em, T: 20em
“véflex of L PoB = 300°:0 (3epc-c0)
Nou |
area of shaded veqion
=0 wuTrRE-
F60° 360°
- ™0 ’s-ﬂ—x CE').._Y'J_D
3607 ~.

360" 1 % .
1 _
= S5 f?it X 9 (3 |
-6 3 —
— 2
. L &5 ¥ A\ Es
= 365 em*
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Q. 17. Figure shows two arcs PAQ and PBQ. Arc PAQ is
a part of circle with centre O and radius OP while
arc PBQ is a semi-circle drawn on PQ as diameter
with centre M. If OP = PQ = 10 cm, show that area

of shaded region is 25 (\/5 - g) cm?,

[CBSE S.A.2, 2016]

Sol. As OA = 17 cm, AP = 15 cm and AOPA is right
B triangle.

.. Using Pythagoras theorem in AOPA,
OP = JOA® - AP?

= {(17)* = (15)%

[CBSE Delhi Set I, II, 111, 2016] = OP = 8 cm 1
Sol. Given OP = 0Q = PQ = 10 cm Area of the shaded region
d 2POQ = 60° % = Area of the sector AOBA
an = 3
— Area of AOPA 1
Area of segment PAQM o
L Y
B (1001: 1003 ] s . = 360° 2
"6 4 .
= 60 ><§x17><17—1><8x15
258 o 360° 7 2
A f icircle = —— cm 1
rea of semicircle 2 23 _ 151.38 — 60
=91.38 cm? 1
. 25n (50w
Area of shaded region = BN _(T - 25\/5)- Q. 19. In the given figure, O is the centre of circle such
that diameter AB = 13 cm and AC = 12 cm. BC
P 5 q is joined. Find the area of the shaded region.
- 6™ (m = 3.14) [CBSE OD Set-1, I, 111, 2016]
A
[CBSE Marking Scheme, 2016]
Q. 18. In the given figure, AOB is a sector of angle 60° of
a circle with centre O and radius 17 cm. If AP |
OB and AP = 15 cm, find the area of the shaded
region. B——C

Topper’s Answer, 2016

a6 [ o | )
: . E,
Looliia x?-ij eaiicscle ACB = i;:i Cart. \\T /.
b R » | DT C
a of wumioid rrrzv_?_ 3 :
B Tl %a = T¥314% 13 ¢ 13 cm*
2 =2 2 _
- - = = 3 = 2 e

. W wttend 965 o eucls, £ AcB =95



o AC™ B gty 12 % Bt - 169 et
W B (75‘?—444}w~ B= st
— == BC - LA -
oo of A = 14 Boos H“ﬂ/"‘f = ]
8f Annr= Hnmec= ;\%‘éxs* __E__O_Cfmi

Iil == i .

ﬁmﬁ_mw 530 sém}‘n Som“—-___

4 — 2 (& 33:5 30
- _ SRS | /_6 3325’:0)57'

= 3
Q. 20. Find the area of minor segment of a circle of radius Sol. From the given figure
14 cm, when its central angle is 60°. Also, find the . 1
area of corresponding major segment. Area of right-angled AABC = 5 10 x 10
22
(Usen = —7) [CBSE OD Set I, I, II, 2015] = 50 cm? 1

Area of quadrant APR of the circle of radius 7 cm

Sol. Here, r = 14 cm, 6 = 60° _ l % 1 X (7)2
Then, the area of minor segment 4
QO o
=29 _logne A b [ Area of quadrant = 90 ]
360° 2 <—% 360°
o 1_22
=2 a1ax L a1ax B v B A
7 360° 2 2
308 = 38.5 cm? 1
= (— ~49+/3) cm® = 17.89 cm® = 17.9 approx. 1 . Area of base PBCR = Area of AABC
» — Area of quadrant APR
and the area of major segment = = x 14 x 14 =50-38.5=11.5 cm?1

[CBSE Marking Scheme, 2015]

- ﬁ 493 ) Q. 22. The circumference of a circle exceeds the diameter
by 16.8 cm. Find the radius of the circle.

22
= 1540 193 =598.10 cm? (User = =) [CBSE Term-2, 2015]
= 598 cm? approx. 1

[CBSE Marking Scheme, 2015]
Q. 21. A momento is made as shown in the figure. Its

Sol. Let radius of the circle be r cm.

Diameter = 2r cm

base PBCR is silver plated from the front side. C?rcumference = Zr?r e
Find the area which is silver plated. Circumference = Diameter + 16.8 )
22 ) 2nr = 2r + 16.8
(User = 2 or r r
7 2
or, 2 7 r =2r+ 16.8
44
or, —r =2r+16.8
7
or, 44r = 14r + 16.8 X 7
or, 30r = 117.6

117.6
or, r= — 1
30

r =3.92cm 1

[CBSE Marking Scheme, 2015]

-

[A][CBSE Term-2, 2015]



Q. 23. In fig., APB and AQP are semi-circles, and AO = OB.
If the perimeter of the figure is 47 cm, find the area

22
of the shaded region. (Use = 7)

[CBSE Delhi Set-I, II, I1I, 2015]

/)

.

Sol. Let ‘7’ be the radius of given circle.
Perimeter of given figure = 47 cm

th
Perimeter of full circle — perimeter of Z) circle

=47 -2r b2
b3

or, 2nr — i(an) =47 -2r

« Long Answer Type Questions

or, ﬂ+2r =47 cm
2
r §><§+2 =47
or, o =47 cm
88
or, | —+2| =47 cm
7
47 X7
or, = —— cm
47
or, r =7cm 1

Now, area of shaded region

A = area of circle — i area of circle

% area of circle

2

3
—XTr
4

é><g><7><7 cm?
4 7

g>< 77 cm?
2

= 115.5 cm? 1
[CBSE Marking Scheme, 2015]

5 marks each

Q. 1. Find the area of the shaded region in the given
figure if PQ = 24 cm, PR = 7 cm and O is the centre
of the circle.

Q

R P

[CBSE OD Set-I, 2020]
Sol. Given, PQ =24 cm, PR =7 cm
We know that the angle in the semicircle is right

angle.
Here, ZRPQ = 90° 1
In ARPQ,
RQ? = PR? + PQ?
(By Pythagoras theorem)
= RQ?* = (7) + (24)* = 49 + 576 = 625
RQ =25cm 1
.. Area of ARPQ = % X RP X PQ
1 2
= o X7x24=84cm 1

.. 1
and area of semi-circle = > X mr?

22 (25)2
X—X| —
7 (2

1
2

11x 625 6875
= — = —— (M
7 x4 28

Now, area of shaded region

= area of semi-circle — area of ARPQ
6875 _ 6875-2352
28 28

4523
28

= 161.54 cm®. 1

Q. 2. In the given figure, the side of square is 28 cm and

radius of each circle is half of the length of the side

of the square, where O and O’ are centres of the
circle. Find the area of shaded region.

+ [A] [CBSE Delhi Set-I, II, 2017]

84

Ol




Sol. Given, the side of the square = 28 cm. = 308 cm? 1

Area of the square = 28 X 2288: 784 cm 1 Area the shaded region = Area of square
Radius of each circle = —=14 cm 1 + Area of two circles
2 n —area of two quadrants
Area of two circles = 2x—x14 x14 =784 + 1232 -308
3 12327 ) = 1708 cm?
T e 1 Hence, the area of shaded region = 1708 cm®* 1
Area of the 2 quadrants = 360" 1axddx2 [CBSE Marking Scheme, 2017]

Q. 3. In the given figure, O is the centre of the circle with AC = 24 cm, AB = 7 cm and £ BOD = 90°. Find the area of
the shaded region.

+ [A] [CBSE OD Set-III, 2017]

Topper Answer, 2017

ZCAB=90° - angle subkemded bT diarneter .

siell ™ ﬁghl bLCAB,
by pythe qores Ieovem,
Ac* A ABR = B¢
) 20% & 1 = @er
576 4+ ya ~Bet !
625 = Br2r = - —(ig'nm'm%-vs vu\ue)l
o B = 25w, - diameta .
radius =« 12.5 e cj%/
o Ot'reaob shaded « areq of 4 area of — area of
vegion sermicivcle quadrant s ACB
i =2xl e LRI - _1X AR X AC
s [¥] z
= 3 Tivy2 - X 7x 2y
4 2 =

B Sx gas A
o - /

= - 268.3035 — B4

. = 230.72035

N & 284.9 emz

.. "The ava of shaded veq ion 13
o / Q34,3035 tm™ 5

Q. 4. In the given figure, AABC is a right angled triangle
in which ZA = 90°. Semicircles are drawn on AB,
AC and BC as diameters. Find the area of the
shaded region.

+ [A][CBSE OD Set-II, 2017]




Sol. In AABC, ZA = 90°, AB = 3 cm, and AC = 4 cm
.. By using Pythagoras theorem,

BC = JAB*+ AC? =3 + 42

=5cm. 1

.. . .3 .
Area of semicircle with radius 5 cm + Area of semi

e with radius £ om = T3V E(A) 4,
-Clrcle with radius E cm = L) 71 2

Area of semicircle with radius g cm — Area of

n(5) 1
= —[=| —=x3x4
AABC 2(2) 2

= (En —6)cm2
8

Area of shaded region

2
= E(E) +E(2)Z—[§ﬂ:—6:|cm2 1
2\2 2 8

2+4—§:|+6
| 4 4

)1

N a

[9 16—25]
=dr +6
| 4 4

[9 9
===|4+6
L4 4] !
=6 cm? [CBSE Marking Scheme, 2017] %

Q. 5. A park is of the shape of a circle of diameter 7 m.
It is surrounded by a path of width of 0.7 m. Find
the expenditure of cementing the path. If its cost is
% 110 per sq. m.[C] + [A] [Foreign Set-I, II, 111, 2017]

Nla ~a

Sol.
Given, the diameter of park = 7 m bz
Radius = % =35m 1
The width of path = 0.7 m
~.Radius of park with path
=35+07=42m 1
Area of the path = n(4.2)* - 1(3.5)>
= 27—2(17.64 -12.25) Y
= %XS.?@ =22 x 0.77
= 16.94 m? 1
Cost of the cementing the path
=16.94 x 110
=3 1863.40 1

[CBSE Marking Scheme, 2017]

Q. 6. Four equal circles are described at the four corners
of a square so that each touches two others. The
shaded area enclosed between the circles is

24
7cmZ . Find the radius of each circle.

[CBSE SQP 2016]

Sol.

1
Let r cm be the radius of each circle.
24
Area of square — Area of 4 sectors = —~ cm? 1
90° 24
or, 212 —4| Z—xm? |= = 1
@) (360O 7
or, 4r? —%rz = % 1
7 7
2812 -22r7 24
or, — = —
7 7
or, 61> =24
or, =4 1
or, r=+x2

Radius of each circle is 2 cm (r cannot be negative)
[CBSE Marking Scheme, 2016]

Q. 7. An elastic belt is placed around the rim of a pulley
of radius 5 cm. From one point C on the belt, elastic
belt is pulled directly away from the centre O of
the pulley until it is at P, 10 cm from the point O.
Find the length of the belt that is still in contact
with the pulley. Also find the shaded area.

(Use . = 3.14 and /3 = 1.73)

+ [A][CBSE Delhi Set I, I, III, 2016]
Sol. In right angled AOAPR,

Cose=£=1or,6=60° 1
10 2
So, ZAOB = 60° + 60° = 120°
Reflex ZAOB = 240° 1
.. Length of arc
ADB = 2x3.14x5x%x240

360°
20.93 cm 1



360°

-

Hence length of elastic in contact = 20.93 cm

X Zﬂzr]

= Area of AOAP
+ Area of AOBP

2><%><5><5\/§

Area (AOAP + AOBP)

AP = \JOP? —0A? = 2543 =43.25cm? %
[By using Pythagoras theorem] Area of sector OACB = 29X 3.14 z< 120
_ /(10)2 —GP =75 360
= 26.16 cm? A
Now, AP = 5J3 cm Shaded Area= 43.25 — 26.16 = 17.09 cm? 1

Q. 8. The given fig. shows a sector OAP of a circle with centre O, containing £6. AB is perpendicular to the radius

)

OA and meets

+ |A/[CBSE OD Set-111, 111, 2015, 16]

Topper Answer, 2016
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1

Q. 9. In figure, PQRS is square lawn with side PQ = 42
metre. Two circular flower beds are there on the
sides PS and QR with centre at O, the intersection
of its diagonals. Find the total area of the two
flower beds (shaded parts).

S

P Q
+ [A] [CBSE OD Set-I, II, III, 2015]
Sol. Radius of circle with centre O is OR.
Let OR =x
K+ = (42)%or, x = 22m 1
(Using pythagoras theorem)

Area of the flower bed = Area of segment of circle
with centre angle 90°

22 90°
= —x2IV2 X212 X ——
7 v i 360°

- %XZl\/EXZl\/E 1

= 693 — 441 = 252 m? 2
. Area of flower beds = 2 x 252 = 504 m>. 1
[CBSE Marking Scheme, 2015]

Detailed Solution:

S R
42 m /’
&
§9
£ 7
g ,\O 5 !
‘%
N
P Q

Let OR be x cm, then OQ = x cm

Since, diagonals of a square bisect each other at

right angles,
then ZQOR = 90°
In AQOR, K+ 22 = (42)%
[Using Pythagoras theorem]
= 2% = 1764
= x* =882
= x=21V2m 1

i.e., radius (r) of each semi-circle = 212 m

90°
X r
360°

Now), area of sector OQR =

1><§x882m2
477

= 693 m* 1
And area of right angled AQOR

%XOQXOR

%leﬁleﬁ

= 441 m? 2
Area of flower bed (shaded part) with QR

= area of sector OQR

—area of AQOR

= (693 —441) m? = 252 m? ¥
Similarly, area of flower bed with PS = 252 m?
Hence Total area of both flower beds with QR and PS

= (252 + 252) m?

= 504 m>. 1

Q. 10. In the figure, ABC is a right angled triangle right

angled at ZA. Find the area of the shaded region,
if AB = 6 cm, BC = 10 cm and O is the centre of the
incircle of the triangle ABC.

c R
+ [A][CBSE Term-2, 2015]
Sol. Let r be the radius of incircle.

In ABAC,
AC = +BC? - AB?

(By using Pythagoras theorem)
= V10% - 62
= J100-36
— Jod
=8cm 1
Here, ZA = 90°, ZP = 90° and £Q = 90°

Then Z0 = 360° - (90° + 90° + 90°)
= 90°




. OPAQ is a square. Q. 11. Two circular beads of different sizes are joined
together such that the distance between their
centres is 14 cm. The sum of their areas is
130 © cm?. Find the radius each bead.

+ [A] [CBSE Term-2, 2015]

Sol. Let the radii of the circles are r; cm and r, cm.

8—r ><—6-r
< 10 cm >
Then, BC=10=8-r+6-r 1 rtr =14 (Given) ...(1)
(By using the tangent properties) and sum of their areas = nry + nry?
or, 2% =8+ 6-10 130n = n(rlz 4 722) (Given) 1
or, 130n = n(r” + 157)
’ 2r =4orr=2 .
o ' ot ” o ¥ 2+ 1,2 =130 L) 1
Area of circle = 2 = 22 x 2 x 2 (ri+ 1) =r2+ 12 +2nn,
7 or, (14)* =130 + 2ryr,
88 ) or, 2111, =196 — 130
== = 12.57 cm 1 - 66 1
1 (r=1)* =1+ 1 =2nr,
Now, area of AABC = — X8 X6 =130-66
2 =64
=24 cm? 1 or, ri—1, =8 ...(iii) 1
-.Area of shaded region = Area of AABC From (i) and (iii), ~ 2r; =22
— Area of circle - iy =1Ll
= 041257 and r, =14-11
S =3 cm. 1
- 2
=1143cm 1 [CBSE Marking Scheme, 2015]

Visual Case Based Questions 4 marks each

Note: Attempt any four sub parts from each Explanation: Area of square = (side)?
question. Each sub part carries 1 mark _15x15
Q. 1. A horse is tied to a peg at one corner of a square = 295 m? 1

shaped grass field of sides 15 m by means of a 5 m

long rope (see the given figure). + (ii) The area of that part of the field in which the horse

can graze.
(@) 19.625 m? (b) 19.265 m*
(c) 19 m? (d) 78.5m?

Sol. Correct option: (a)

Explanation: From the figure, it can be observe that
the horse can graze a sector of 90° in a circle of 5 m
radius.

Area that can be grazed by horse

= Area of sector

90°
= X Tr
360°

(i) What is the area of the grass field?
(@) 225m? (b) 225m

(c) 255 m? (d 15m
Sol. Correct option: (a) =19.625 m? 1

1 x3.14x5x5
4



(iii) The grazing area if the rope were 10 m long instead

of 5 m.
(@) 7.85m? (b) 785 m?
(c) 225 m? (d) 78.5m?

Sol. Correct option: (d)

Explanation: Area that can be grazed by the horse
when length of rope is 10 m long

° 2
= X Tr

360°

ix3.14><10><10

=78.5m? 1

(iv) The increase in the grazing area if the rope were
10 m long instead of 5 m.

(@) 58.758 m? (b) 58.875 m>
(c) 58 m? (d) 78.5m?
Sol. Correct option: (b)
Explanation: Increase in grazing area
= (78.5 - 19.625) m?
= 58.875 m” 1
(v) The given problem is based on which concept?
(a) Coordinate geometry
(b) Area related to circles
(c) Circle
(d) None of these
Sol. Correct option: (b) 1

Q. 2. In a workshop, brooch is made with silver wire
in the form of a circle with diameter 35 mm. The
wire is also used in making 5 diameters which
divide the circle into 10 equal sectors as shown in

[C] + [AE]

the given figure.

(i) What is the radius of the circle?
35 5
— mm b — mm
(a) 5 (b) 2

(c) 35mm
Sol. Correct option: (a)

(d) 10 mm

Diameter
2

Emm 1
2

Explanation: Radius of circle =

(ii) What is the circumference of the brooch?
(a) 100 mm (b) 110 mm
(c) 50 mm (d)
Sol. Correct option: (b)

10 mm

Explanation: Circumference of brooch = 2nr

= 2X 2 X 5
7 2
= 110 mm 1
(iii) What is the total length of silver wire required?
(a) 528 mm (b) 825 mm
(c) 285 mm (d) 852mm

Sol. Correct option: (c)
Explanation:

Length of wire required = 110 + 5 x 35

=110 + 175
= 285 mm. 1
(iv) What is the area of the each sector of the brooch?
(a) 385 mm? (b) 358 mm?
2 4
(c) 54ﬁ mm? (d) ? mm?

Sol. Correct option: (d)

Explanation: It can be observed from the figure that
an angle of each 10 sectors of the circle is subtending
at the centre of the circle.

36
.. Area of each sector = x 02

360°

10 7 2 2

1 22 35 35
X

38
— mm
4

(v) The given problem is based on which mathematical
concept ?

(a) Areas Related to circles
(b) Circles

(c¢) Construction

(d) none of these

Sol. Correct option: (a). 1



Q. 3. AREAS RELATED TO CIRCLES

Pookalam is the flower bed or flower pattern
designed during Onam in Kerala. It is similar as
Rangoli in North India and Kolam in Tamil Nadu.
During the festival of Onam , your school is
planning to conduct a Pookalam competition. Your
friend who is a partner in competition , suggests
two designs given below.

Observe these carefully.

D C

Design I: This design is made with a circle of
radius 32 cm leaving equilateral triangle ABC in
the middle as shown in the given figure.

Design II: This Pookalam is made with 9 circular
design each of radius 7 cm.

Refer Design I:

(i) The side of equilateral triangle is
(a) 124/3 cm (b) 3243 cm
(c) 48 cm (d) 64cm

Sol. Correct option: (b).
(ii) The altitude of the equilateral triangle is

(a) 8cm (b) 12cm
(c) 48 cm (d) 52cm
Sol. Correct option: (c).
Refer Design II:
(iii) The area of square is
(@) 1264 cm? (b) 1764 cm®
(c) 1830 cm? (d) 1944 cm?

Sol. Correct option: (b).

Explanation:
radius = 7 cm
diameter = 2 X 7 cm
=14 cm

side of square = 14 cm + 14 cm + 14 cm

=42 cm.
Area of square = side?
= (42 cm)?
= 1764 cm?
(iv) Area of each circular design is
(a) 124 cm? (b) 132 cm?
(c) 144 cm? (d) 154 cm?

Sol. Correct option: (d).
Explanation:
radius = 7 cm
Area of each circular design
= nr?
= 2—72 X7 x7
= 154 cm?

(v) Area of the remaining portion of the square ABCD
is

(a) 378 cm? (b) 260 cm?
(c) 340 cm? (d) 278 cm?
Sol. Correct option: (a).
Explanation:
Area of 9 circular design
=9 x 12

= 9x%><7><7

= 1386 cm?

Area of square = 1764 cm?

Area of remaining portion of square ABCD
= Area of square — Area of 9
circular design
= 1764 cm* - 1386 cm?
= 378 cm?
Q.4. A Brooch

A brooch is a small piece of jewellery which has
a pin at the back so it can be fastened on a dress,
blouse or coat.

Designs of some brooch are shown below. Observe
them carefully.



Design A: Brooch A is made with silver wire in
the form of a circle with diameter 28 mm. The wire
used for making 4 diameters which divide the
circle into 8 equal parts.

Design B: Brooch b is made two colours i.e. Gold
and silver. Outer part is made with Gold. The
circumference of silver part is 44 mm and the gold
part is 3 mm wide everywhere.

Refer to Design A

(i) The total length of silver wire required is
(a) 180 mm (b) 200 mm
(c) 250 mm (d) 280 mm

Sol. Correct option: (b).
Explanation:
Diameter = 28 mm
radius = 14 mm
Total length of wire = length of 4 diameter
+ circumference of circle.
=4 x 28 + 2

= 112+2x%x14

=112 + 88

= 200 mm
(ii) The area of each sector of the brooch is
(a) 44 mm? (b) 52mm?
(¢) 77 mm? (d) 68 mm?

Sol. Correct option: (c).
Explanation:

Area of each sector of Broof

% x Area of Brooch

_1 x mr?
8
= 1 X 2 x14x14
8 7
= 77 mm?
Refer to Design B
(iii) The circumference of outer part (golden) is
(a) 48.49 mm (b) 82.2mm
(c) 72.50 mm (d) 62.86 mm

Sol. Correct option: (d).

(iv) The difference of areas of golden and silver parts

1S
(a) 18n (b) 44rn
(c) 51n (d) 64rn

Sol. Correct option: (c).

(v) A boy is playing with brooch B. He makes
revolution with it along its edge. How many
complete revolutions must it take to cover 80 mm ?

(a) 2 (b) 3
(c) 4 d 5
Sol. Correct option: (c).
Explanation:
Circumference of silver part of Brooch
=44 cm

2nr = 44 mm

Zx%xr =44

r =7 mm.
radius of whole Brooch
=7mm + 8 mm
=10 mm.
Circumference of outer edge
= 2mr

= ngxlo
7



440
= —mm

7
let the number of revolutions = n
Now, According to question,

n.2nr = 80n

. 7 = T
n.ﬂo = 80x§
7 7
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